Preparation and characterization of membrane fractions enriched in outer and inner envelope membranes from spinach chloroplasts. I. Electrophoretic and immunochemical analyses.
We have developed a fast and reliable method for the separation of two membrane fractions respectively enriched in outer and inner envelope membranes from isolated, intact, purified spinach chloroplasts kept in a hypertonic medium (0.6 M mannitol). This separation was achieved by osmotically shrinking the inner envelope membrane, thus widening the intermembrane space, and then subsequently removing the "loosened" outer envelope membrane by applying low pressure to the shrunken chloroplasts and slowly extruding them through the small aperture of a Yeda press under controlled conditions. By centrifugation of the mixture obtained through a discontinuous sucrose gradient, we were able to separate two membrane fractions having different densities (fraction 2 or light fraction, d = 1.08 g/cm3, and fraction 3 or heavy fraction, d = 1.13 g/cm3). The recent characterization of polypeptides localized on the outer envelope membrane from spinach chloroplasts, E10 and E24 (Joyard, J., Billecocq, A., Bartlett, S. G., Block, M. A., Chua, N.-H., and Douce, R. J. Biol. Chem., 258, 10000-10006) enabled us to characterize our two membrane fractions. Analyses of the polypeptides by sodium dodecyl sulfate-polyacryl-amide gel electrophoresis and immunoblotting have shown that fraction 2 (light fraction) was completely devoid of polypeptide E30, which is involved in the transport of phosphate across the inner envelope membrane, but was enriched in polypeptides E10 and E24. The reverse was true for fraction 3 (heavy fraction). Under these conditions, it is clear that fraction 2 is strongly enriched in outer envelope membrane whereas fraction 3 consisted mostly of inner envelope membrane. Indeed, by immunoelectrophoresis, we were able to demonstrate that, on a protein basis, fraction 2 contained about 90% of outer membrane, whereas fraction 3 contained about 80% of inner membrane. Further characterization of the outer envelope membrane was achieved by using thermolysin, a nonpenetrant protease.